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© A drug delivery catheter with an inflatable blood flow lumen includes a flexible tubular shaft (30) and an 
inflatable balloon assembly (10,12,14,16) disposed at the distal end of the shaft. The catheter is inserted into a 
vessel with the balloon assembly in an un-inflated form and the balloon member is positioned at the treatment 
site and inflated. The balloon member in an inflated form defines a region or pocket (26) between the balloon 
assembly and the vessel wall which contains the drug separate from blood flow. Apertures (40) are provided 
within the balloon assembly to provide the drug to the containment pocket. Blood is allowed to flow through the 
center (24) of the inflated balloon assembly. 
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The present invention r lates to a drug delivery device and method. More particularly, the present 
invention relates to a drug delivery devic and method that is flexible as to the drug agent employed and 
the duration of drug administration with an emphasis on physician control over deployment of both the drug 
and the device. 

5 Obstructive atherosclerotic disease is a serious health problem facing our society today. This disease is 
the result of the deposit of fatty substances on the interior of the walls of the arteries. The build-up or 
accumulation of such deposits results in a narrowing of the inside diameter of the artery which in turn 
restricts the blood flow through the artery. This disease, wherein the opening or lumen of the artery is 
narrowed, is known as atherosclerosis and the accumulation is known as a lesion. 

70 One commonly used procedure for treating an obstruction caused by atherosclerosis is a procedure 
known as coronary artery bypass graft surgery ("bypass surgery"). Although bypass surgery has been used 
with moderate success in the treatment of atherosclerosis, it can be extremely invasive and traumatic to the 
patient. 

One less invasive and traumatic procedure developed more recently is coronary angioplasty. Coronary 

75 angioplasty, and angioplasty in general, is a procedure in which a balloon is positioned in the inside of the 
artery at the site of the accumulation or lesion and inflated in order to dilate the atherosclerotic lesion and 
thus open the restricted area of the artery. In order to advance the balloon to the lesion, the balloon is 
attached to the distal end of a small diameter catheter, which includes means for inflating the balloon from 
the other end of the catheter. The catheter is maneuvered or "steered" through the patient's vessels to the 

20 site of the lesion with the balloon in an un-inflated form. When the un-inflated baJloon is properly positioned 
at the lesion, the balloon is then inflated to dilate the restricted area. 

While angioplasty has been relatively successful in treating coronary artery disease, restenosis of the 
treated site often occurs approximately 3 to 6 months following the procedure. It is believed that the primary 
factor in developing restenosis is the healing that takes place after the injury caused by the intervention of 

25 balloon dilation procedure. The restenosis has close analogy to scar formation in that the histologic result 
has a similar morphology. The histologic response is called intimal fibrous hyperplasia. A main result of the 
intimal fibrous hyperplasia consists of smooth muscle cells from the vessel wall that proliferate and migrate 
in the vessel wall. The net result is a thickening of the vessel wall. Over time, this thickening reoccludes or 
restenosis the vessel to a point where it is clinically significant. That is, the blood flow through the vessel is 

30 diminished to a rate similar to the rate before the angioplasty procedure. The occurrence of this seems to 
happen approximately 30-35% of the time following an angioplasty to that specific site. 

Several alternative procedures have been attempted to try to affect the occurrence or rate of the 
restenosis following intervention to the lesion site in the coronary artery. These procedures have included 
the use of lasers, mechanical atherectomy devices, heated balloons, and metal implantable stents. While 

as each of these procedures has shown some success in dealing with the initial lesion, all have the similar 
problem of restenosis at a similar or even greater occurrence. Current estimates of restenosis of the lesion 
site using these alternative procedures ranges between 40-50%. The time frame of restenosis of all of these 
is generally from 3-6 months after the procedure. 

Therefore, it appears that this restenotic healing lesion area is independent of the type of interventional 

40 procedure used. Rather, it is a physiologic response to any type of injury brought to that lesion site. 
Because of this intervention independent physiologic response, it is felt by many physicians that potentially 
the best way to deal with restenosis would be by a pharmacologic means, such as a drug agent, targeted at 
the biochemical events that take place after injury. 

To date, most pharmacologic trials involve either an oral or intravenously injected drug that is delivered 

45 throughout the whole body in hopes of trying to effect this small site in the arteries. This type of 
pharmacologic treatment is known as a "systemic treatment." Some agents that have been tried in human 
clinicals include: heparin, calcium channel blockers, angiotensin converting enzyme inhibitors, fish oil, and 
growth peptides. Other agents that may not have been tried in clinicals but are of interest include 
thromboxane synthetase inhibitor, serotonin antagonists, HMGCoA reductase inhibitors, platelet derived 

so growth factors, inflammatory cell factors, platelet aggregation inhibitors, and thrombin inhibitors such as 
hirudin or its analogs. 

The indication for use of most of these has been either in vitro cell culture studies or animal studies. 
These studies have shown some effect on the smooth muscle cell proliferation which is a major component 
of the intimal fibrous hyperplasia that takes place in the restenotic lesion. However, none of the systemic 
55 human trials to date has shown a major effect on the occurrenc of restenosis. 

Even though none of these agents have been completely successful in the in vivo human clinical trials, 
it is still generally felt that on of these agents or some other new agent, if delivered locally and site 
specifically to the lesion, would still be able to reduce the proliferative response. One of the problems with 
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systemic techniques is the inability to deliver a high enough concentration of the agent locally at the I sion 
in order to effect the physiologic response. In the in vitro studies which have shown some success, a high 
concentration of the agent was used. Thus, it is believed that if the agent was delivered specifically to th 
site as opposed to systemically, the agent may be delivered at a high enough concentration to truly effect 

5 the physiologic response. 

The reason many of these agents have not been used in a higher concentration in vivo in humans is 
that many of the agents may exhibit undesirable side effects. Thus, if a high concentration of the agents is 
given systemically, they may have unwanted physiologic effects. Therefore, if the drug can be given with 
high concentrations locally to the vessel wall while minimizing the systemic amount of drug, the desired 

io result of modulating the restenotic growth while preventing any unwanted systemic effects may be 
achieved. 

There are other ways known to date in trying to create a site specific local delivery of drug to a site. 
One approach presently contemplated is the use of a perforated or sweating balloon. For example, a drug 
delivery device is disclosed by Wolinsky, H., et al. in the article entitled, Use of a Perforated Balloon 

75 Catheter to Deliver Concentrated Heparin Into the Wall of a Normal Canine" Artery , 15 JACC 475 (Feb. 
1990). This device is a percutaneous transluminal coronary angioplasty (PTCA) balloon with several 
microholes in the balloon for delivery of an agent during balloon dilatation. The drug is incorporated into the 
same fluid which is used to inflate the balloon. 

A major concern with any device with perforated holes is the effect of a jet stream on the wall of the 

20 blood vessel. If a balloon with holes is pressurized, a relatively high velocity and/or pressure jet stream may 
be ejected through the holes. There are some indications that these jet streams may cause tissue damage 
resulting in very severe dissection of the vessel wall after the dilatation procedure. 

Another disadvantage of available devices, such as the one disclosed by Wotinsky et al., is that these 
devices cause a substantial blockage of blood flow in the subject vessel during the procedure. Thus, such 

25 devices may only be used for the fairly short time frame (typically, from one to two minutes), similar to the 
time frame of the actual angioplasty dillatation. 

Other available drug delivery devices are disclosed, for example, in United States Patent Numbers 
4,824,436 (Wolinsky) and 4,636,195 (Wolinsky). These devices are directed to a dual occlusion catheter in 
which a balloon is inflated proximally and distally of the accumulation or lesion creating a space for infusion 

30 of a drug. This dual balloon catheter creates a space for infusion of drug separate from the blood flow. This 
device, however, also can only be used for a short period of time because it occludes blood flow. 

Perfusion is very important in developing a suitable type of delivery device. It is necessary that the 
device provide a large latitude in time over which the agent could be delivered and therefore, devices which 
occlude blood flow may not provide the necessary latitude. Because the basic research into the biochem- 

35 istry and physiologic events indicate that the initial events begin immediately after injury and continue 
intensely for several hours, it is desirable for the drug delivery system to allow drug delivery for several 
hours to a day or two beginning immediately after intervention. This research also points out that the initial 
events subsequently create a cascade of events that ultimately lead to intimal thickening. While these 
accumulations or lesions do not become apparent for several months, it is felt that if these initial events can 

40 be modulated, blocked, or even accelerated, then the subsequent cascade can be altered and a diminished 
overall thickening could be achieved. 

Even in devices where the shaft tubing provides a lumen for blood flow, the blood flow is limited by the 
diameter of the tube. In fact, when the shaft tubing is used for a blood flow lumen, there is a competing 
balance of making the shaft large enough to accommodate the larger volume of blood flow while still trying 

45 to minimize the size so that the catheter can be maneuvered through the patient's vasculature. This limited 
blood flow, while providing obvious advantages to no blood flow, may not be completely satisfactory in 
providing the necessary blood flow to the heart (or other part of the body). 

Catheters with expandable devices are also used in other procedures. For example, United States 
Patent Number 4,183,102 (Guiset) discloses a device which includes a series of toroidal shaped sleeves 

so which conform to a vessel wall. The device disclosed in this patent is for the treatment of some aortic 
aneurysms and does not include any means for drug delivery. 

Therefore, it is desirable to have a drug delivery device capable of providing the necessary blood flow 
to the heart for restenosis treatment. Further, such a device may also be xtremely desirable in other 
procedures where a drug is to be delivered to a specific site in a vessel. For example, drug delivery 

55 devices may be useful in procedures where a drug or agent is used to dissolve the stenosis in an effort to 
avoid the use of angioplasty or atherectomy procedures altogether or to deliver a thrombolytic agent to 
dissolve a clot at the lesion site. 

It will be recognized from this discussion that there is a need for a generic type of drug delivery system 
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which emphasizes physician control over the device and agent. The device should have flexibility as to the 
agent that is to be delivered and should be capabi of delivering any number of agents (either separately or 
at the same time), or possibly also allow a chang in the protocol of th delivery. It should also b flexible 
with respect to the time frame over which these agents would be delivered. In order to effect this time 
5 frame of delivery, the device should also allow a large amount of blood flow by or through the device in 
order to maintain adequate distal perfusion of cardiac or other muscle during the delivery time. 

Therefore, it is a primary object of the present invention to provide a device and method which can 
contain a relatively high concentration of a drug agent in a selected portion of a vessel, such as a blood 
vessel. 

70 It is another object of the present invention to provide a device which can be used in a flexible time 
frame. 

It is a further object of this invention to provide a drug delivery catheter which permits a relatively high 
fluid flow rate through the vessel in which it is inserted while the device is employed. 

It is a still further object of this invention to provide a device which is flexible as to the drug and the 

75 number of drugs which can be delivered as well as the time frame over which they can be delivered. 

To achieve these and other objects, the present invention provides a new and unique drug delivery 
catheter which may be inserted into a vessel, such as a blood vessel. The drug delivery catheter of the 
present invention comprises an elongated tubular shaft which includes a drug lumen for delivering a drug to 
the treatment site and a uniquely configured inflatable balloon assembly. The balloon assembly is disposed 

20 at the distal end of the shaft and includes an inflatable balloon member. The balloon member has a 
configuration such that when the balloon member is uninflated, the fluid in the vessel (such as blood) may 
flow around the balloon assembly. This provides an arrangement which may be easily inserted and 
manipulated through the vascular system. When the balloon member is an inflated state, part of the balloon 
member contacts the vessel wall defining a containment pocket between the vessel wall and the balloon 

25 assembly. The balloon assembly includes apertures in the containment pocket which are in fluid commu- 
nication with a drug lumen in order to provide the drug to the containment pocket. A flow lumen is also 
defined through the balloon member when it is inflated in order to allow the fluid in the vessel, such as 
blood, to flow through the balloon assembly. The catheter also includes an inflation lumen which is used to 
inflate the balloon member. 

30 The present invention also encompasses a method of using the drug delivery catheter to deliver drugs 
to a treatment site in desired concentrations. 

The present invention provides a time frame for drug delivery in relatively high concentrations and 
which can be used in a relatively flexible time frame. For example the time frame may be greater (or less) 
than several minutes to possibly several hours or a day to two days. 
35 This time frame of delivery is important in procedures intended to abate the occurrence of restenosis 
because the time frame needed to favorably modulate the restenotic response is variable. 

Further, the device and method of the present invention may be advantageously used to deliver a drug 
agent intended to dissolve a lesion or to dissolve a clot at a lesion site. 
In the drawings:- 

40 FIGURE 1 shows an embodiment of the drug delivery catheter of the present invention. 

FIGURE 2a shows a cross section of the embodiment of FIGURE 1 along line 2a-2a. 

FIGURE 2b shows a cross section of the embodiment of FIGURE 1 along line 2b-2b. 

FIGURE 3a shows a cross section of the embodiment of FIGURE 1 along line 3a-3a. 

FIGURE 3b shows a cross sectional slice of the embodiment of the device of Figure 1 in a plane 
45 perpendicular to line 3a-3a. 

FIGURE 4 shows another embodiment of the drug delivery catheter of the present invention in a deflated 

form. 

FIGURE 5 shows the embodiment of the drug delivery catheter of FIGURE 4 in an inflated form. 

FIGURE 6 shows another embodiment of the drug delivery catheter of the present invention, 
so FIGURE 7 shows another embodiment of the drug delivery catheter of the present invention. 

FIGURE 8 shows another embodiment of the drug delivery catheter of the present invention. 

FIGURE 8a shows a front view of the embodiment of FIGURE 8. 

FIGURE 8b shows a cut-away view of the embodiment of FIGURE 8. 

FIGURE 9 shows another embodim nt of the drug delivery catheter of the present invention. 
55 FIGURE 9a shows a cross section of the embodiment of FIGURE 9 along line 9a-9a. 

FIGURE 9b shows a cross section of the embodiment of FIGURE 9 along line 9b-9b. 
Referring to FIGURES 1, 2a, 2b, 3a and 3b t a preferred embodiment of the pr sent invention includes a 
balloon assembly comprising a single piece of balloon tubing laced in a manner that will be described 
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below to form toroidal or donut-shaped balloons 10, 12, 14, 16. When inflated the balloons 10, 12, 14 and 
16 are intended to impinge upon or engage the vessel wall 20 as explained in more detail below. The 
figures depict the balloons 10, 12, 14, 16 in their inflated form. 

In an exemplary embodiment, these balloons 10, 12, 14, 16 are about 3 millimeters (mm) in outside 

5 diameter in their inflated form. The balloons, however, can have an outside diameter ranging from about 2 
mm to about 20 mm in their uninflated form, depending on the different vessels of the human (or animal) 
body in which the balloons will be used. The size of the balloons may also vary for different procedures. 

The most distal balloon 10 and the next most distal balloon 12 are preferably adjacent to each other as 
are the most proximal balloon 16 and the next most proximal balloon 14. The distance between the next 

io most proximal balloon 14 and the next most distal balloon 12 may be, for example, about 20 mm. 

Providing the balloons in pairs advantageously provides two points of anchoring for each pair. This is 
particularly useful at the ends of the balloon assembly where the two point anchoring reduces the tendency 
of the balloons to rotate perpendicular to their axis. 

The balloons are preferably made of a polyolefin. A suitable polyolefin material is available from E.I. 

75 DuPont de Nemours and Co. (Wilmington, Del.) under the tradename Suriyn® lonomer. 

The balloon assembly also includes a cylindrical sheath 22 which connects the balloons 10, 12, 14 and 
16. The diameter of the sheath 22 is less than the diameter of the balloons. Therefore, when the balloons 
are inflated, the sheath 22 is attached to the balloons at a point radially inward of the outer diameter of the 
balloons in order to create a pocket. Preferably, the sheath 22 is disposed through and connected to the 

20 interior portion of the toroidal-shaped balloons. In an exemplary embodiment, the sheath 22 is typically 25 
mm from end to end longitudinally and is preferably about 0.001 inches thick. 

The sheath 22 is situated coaxially to the vessel wall 20 and is open at each end, thereby forming a 
passageway or blood lumen 24 for the blood to flow through when the balloons are inflated. Thus, the 
sheath 22 creates a barrier for separation of the drug medium and the blood. The sheath 22 is supported or 

25 held open by the toroidal-shaped balloons 10, 12, 14, 16 and has the capability of having a relatively large 
internal diameter. For example, the internal diameters may be about 0.060 inches providing a very large 
volume of blood flow. This internal blood flow lumen 24 formed by the sheath 22 has the capability of being 
significantly larger than the shaft tubing of the device. 

The sheath 22 may be made of Suriyn® lonomer. More preferably, the sheath 22 may be made of a 

30 polyester copolymer such as a random copolymer. The random copolymer used to make the sheath of the 
present invention may be prepared according to standard procedures from ethylene glycol, and a mixture of 
dimethyl terephthalate and dimethyl isophthalate. As used in the random copolymer, the ratio of tereph- 
thalate to isophthalate in the random copolymer may be varied over the range of between 99:1 to 80:20. 
Suitable copolymers are commercially available and are sold under the tradename Selar® PT, such as 

35 Selar® X257, available from E.I. Dupont de Nemours and Company (Wilmington, Delaware). 

In this embodiment, the blood flow lumen 24 is created by the inflation of the balloons 10, 12, 14, 16 
and can be subsequently collapsed upon deflation of the balloons 10, 12, 14, 16 (FIGURE 4 illustrates the 
balloons in a deflated state). The dimensions of the deflated device will, of course, vary depending on the 
specific use contemplated, but suitable sizes range from 0.035 inches to 0.1 inches. 

40 As illustrated best in Figures 1 and 5, when the balloons are inflated, a containment pocket or. region 26 
is defined between the sheath 22 and balloons 12, 14 and the vessel wall 20. When the balloons 12, 14 are 
inflated they in effect form a seal between the vessel wall 20 and the balloons 12, 14 and thus the balloons 
12, 14 define the outer boundary of the containment pocket 26. The sheath 22, which is bonded to the 
balloons 12, 14, defines the rest of the containment pocket 26. This containment pocket 26 provides region 

45 in the vessel which is isolated or separate from the fluid flowing through the flow lumen 24. Therefore, the 
drug medium may be contained in this containment pocket 26 in the desired concentrations for a 
predetermined period of time without entering the blood stream for that period of time. 

The backbone of this embodiment is a catheter (or shaft) formed by an elongated tubular shaft 30 into 
which the balloon tubing is laced in a manner that will be described in detail below to form the toroidal or 

50 donut-shaped balloons 10, 12, 14, and 16. The specific size and configuration of the shaft tubing 30 will, of 
course, vary depending on the specific application for which it is intended. In one exemplary embodiment, 
the shaft tubing is about 135 centimeters (cm) long, about 0.040 inches in distal outside diameter and about 
0.050 inches in proximal outside diameter, and has a wall thickness of from about 0.003 inches to about 
0.004 inches. The diameter of the tubing 30 can range from about 0.030 inches to about 0.090 inches 

55 depending on the contemplated us . These exemplary dimensions are suitable for a catheter intended for 
use in the coronary arteries. As will be recognized, the dimensions for catheters intended for use in the 
prostate, urethra, etc. may have other suitable dimensions. This shaft tubing 30 is preferably made of a 
flexible material such as a high density polyethylen (HDPE). 
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The shaft tubing 30 is advantageously necked at its distal end to allow for variable stiffness or variable 
flexibility along the shaft. The necking of the shaft tubing 30 may b implemented by several arrangements. 
For example, a necked region, that is a region which is mor flexible than th r st of the tubing, may be 
provided by reducing the outer diameter of the tubing, by reducing the wall thickness of the tubing, or by 

5 providing a section of the tubing made of a more flexible material than the rest of the tubing. The necked 
portion may also be provided by any combination of these techniques. 

FIGURE 3b best illustrates this necking in one preferred embodiment. FIGURE 3b depicts a slice 
through the plane perpendicular to the plane of FIGURE 3a and for purpose of clarity does not depict the 
structure of the device which is not in this plane. The shaft tubing 30 is bonded to a necked section 30a of 

w proximal shaft tubing. TTie bonding 152 commercially may be accomplished with an adhesive, such as 
BiPax® BA-2135D Tra-Bond available from Tra-Con (Medord, Massachusetts). The necked section 30a of 
proximal shaft tubing may have, for example, an outside diameter of about 0.040 inches and a wall 
thickness of about 0.003 inches. Proximal to the necked section 30a of proximal shaft tubing, there is a 
transition section 31 followed by the unnecked section 30b of proximal shaft tubing 30. The unnecked 

75 section 30b may have an outside diameter of about 0.050 inches and a wall thickness of about 0.004 
inches. 

By way of example, the shafting tubing 30 may be about 135 cm long, the necked section 30a of 
proximal shaft tubing may be about 25 cm long, and the unnecked section 30b of proximal shafting tubing 
may be about NO cm long. Preferably, the shaft tubing 30 has a tapered section 33 at its distal end to 
20 prevent damage to the vessel walls as it is being inserted. 

A necking may be accomplished by pulling the tubing through a heated die to elongate it and therefore 
change its inside and/or outside diameters. 

An inner shaft tubing 32 runs coaxially through the shaft tubing 30 in order to accommodate a PTCA 
guide wire 34. This type of guide wire is known in the art and therefore no further discussion is given here. 
25 A suitable configuration for the inner shaft tubing 32 is a flexible tube made of HOPE which is about 1 35 cm 
long, and has a wall thickness of about 0.003 inches. 

This inner shafting tubing 32 may also be necked to provide added flexibility to the catheter. As 
illustrated in FIGURE 3b, in one exemplary embodiment the inner shafting tubing 32 has a transition region 
and an unnecked proximal portion 32b. The distal, necked portion of the inner shaft tubing 32 may be about 
30 0.021 inches in outside diameter and about 30 cm long. The unnecked proximal portion 32b may be about 
0.024 inches in outside diameter and about 105 cm long. 

The necked or more flexible portion of the catheter may be provided by necking one or both of the 
shaft tubing 30 and the inner shaft tubing 32. 

A more detailed discussion of the arrangements and advantages of necking are disclosed in U.S. Patent 
35 No. 4,976,690 (Solar et al.) which is incorporated herein by reference. 

As illustrated there are basically three different lumens through the proximal portion of the shaft tubing 
30, one being the inner lumen for the guide wire 34 formed by the inner shaft tubing 32, another being an 
inflation lumen 36 for the balloon inflation medium which is continuous with the donut-shaped balloons 10, 
12, 14, 16 (described in greater detail below), and the final one being the drug delivery lumen 38 formed in 
40 the space between the inner shaft tubing 32 and the shaft tubing 30. 

In one exemplary embodiment, the inflation lumen is made at its distal end (where the balloons 10, 12, 
14, 16 are formed), from Surlyn®, and has an inside diameter of 0.006 inches and an outside diameter of 
0.011 inches. 

In a presently preferred embodiment the inflation lumen is formed of three sections: 1) the section 
45 attached to the balloons described above; 2) a middle inflation lumen section 164; and 3) the proximal 
inflation lumen section 1 66 which eventually is attached to the manifold (not shown). Both the middle and 
proximal inflation lumen sections 164, 166 are preferably made of a polyimide material. The bond 170 of 
the balloon tubing 36 to the middle inflation lumen section 164 and the bond of 172 of the middle inflation 
lumen tubing 164 to the proximal inflation lumen tubing 166 is accomplished with a suitable adhesive, such 
50 as Loctite® 405 available from Loctite Corp. (Newington, Connecticut). The middle inflation lumen section 
164 may have an inside diameter of about 0.012 inches, a wall thickness of about 0.001 inches, and may be 
about 25 cm long. The proximal inflation lumen section may have an inside diameter of 0.016 inches, a wall 
thickness of 0.001 inches, and may be about 100 cm long. It will be recognized that these dim nsions are 
given by way of example and other suitable sizes may be employed. 
55 The shaft tubing 30 has a number of ap rtures 40 in order to accommodat the drug flow out of these 
apertures 40 into the containment pocket 26 formed between the two inner balloons 12. 14. the sheath 22, 
and the vessel wall 24. The apertures 40 are placed longitudinally along the shaft tubing 30 between the 
inner most balloons 12, 14. The apertures 40 are on both sides of the shaft tubing 30 and th area in which 
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they are placed does not come into contact with the vessel wall 20. Preferably, the apertures 40 generally 
increase in diameter from proximal to distal end so that uniform flow out of each aperture 40 is achieved. 
The apertures are preferably sized such that the drug medium is not pressur injected out of the apertur s 
40, but rather the vessel tissue is "bathed" with the drug medium. The size of the apertures will, of course, 

5 depend on the pressure at which the drug medium is being provided at the proximal end by the drug 
medium source (not shown). In an exemplary embodiment, the more proximal apertures 40 are about 0.003 
inches in diameter and the more distal apertures are about 0.005 inches in diameter. These apertures 40 
are placed about 2 to 3 mm apart from each other. This embodiment is manufactured by drilling the 
apertures into the shaft tubing 30 and then lacing non-blown balloon tubing 36 through these apertures in 

/o such a way that the tubing is looped around a temporary forming mandrel (not shown) to form the section in 
which the sheath will be placed. Upon completion of this lacing, the tubing is pressurized and dipped into a 
hot water bath, preferably at 80* C, for expansion of the thermoplastic balloon tubing 36 to form the outer, 
donut-shaped balloons 10, 12, 14, 16. 

After this process, another thin-walled cylindrical balloon is inserted into the interior of the toroidal or 

75 donut-shaped balloons 10, 12, 14, 16 to form the sheath 22 which separates the drug and blood mediums. 
The sheath 22 is then bonded to all of the donut-shaped balloons 10, 12, 14, 16 and the ends are cut off 
flush to the most proximal and distal donut-shaped balloon 10, 16. The bonding may be accomplished by 
the use of a suitable adhesive, such as an epoxy resin with an aliphatic amine hardener. The formulation for 
a suitable epoxy is given below in Table 1. 

20 

TABLE 1 





(EPOXY ADHESIVE) 


25 




Wt. 
(in grams) 


Epoxide 
Equivalent 
Wt. 


Description 


30 


Araldite GY 508 [Ciba Geigy] 

Araidite GY 506 [Ciba Geigy] 
Epon 828 (Shell) 
2-Methyl-1 ,5-pentadiamine 
(Dytek A from Dupont) 


148.8 (g) 

59.0 (g) 
92.6 (g) 
32.5(g) 


400-455 

172-185 
187.5 


Bisphenal A based epoxy blended 
with polyglycol diepoxide 
Bisphenal A based epoxy 
Bisphenal A based epoxy 



35 

The inner shaft tubing 32 is then put through the shaft tubing 30 in order to accommodate a guide wire 
34. This inner shaft tubing 34 is fastened to the manifold on the proximal end of the catheter with an 
adhesive bond, such as a urethane adhesive bond available from the 3M Company (Minneapolis, Min- 
nesota) under the tradename designations Scotch Weld® Brand 3549 B/A Urethane Adhesive Kit. The inner 

40 shaft tubing 32 is fastened to the outer shaft 30 on the distal end of the catheter using the same urethane 
adhesive. This bonding material on the distal end may also be used to form the tapered section 33. 

As is illustrated in Figure 3a, the toroidal-shaped ballons 10, 12, 14, 16 are formed from one continuous 
piece of tubing since they are laced through the shaft tubing 30 and therefore the balloons 10, 12, 14, 16 
are all in fluid communication with each other. 

45 The proximal end of this catheter comprises a manifold (not shown) known in the art. A suitable 
manifold is a conventional three-port manifold. A vacuum source is placed on the balloon inflation port of 
the manifold to evacuate air from the balloons. The drug infusion port of the manifold is then filled with a 
sterile liquid to evacuate air. 

Thus, the blood flow lumen 24 is not an integral part of the shaft of the device. Rather the lumen is 

so created by inflation of the balloons 10 ,12, 14, 16 of the device. Since the blood flow lumen 24 is not an 
integral part of the shaft, the ultimate diameter of the blood flow lumen 24 is not limited by the diameter of 
the shaft. When the balloons 10, 12, 14, 16 are deflated, the device is collapsed with essentially no blood 
flow lumen and therefore small enough in diameter to easily maneuver through the patient's vascular 
system. As discussed above, in some prior art devic s, the lumen was created by the shaft tubing itself 

55 thereby limiting the size of the blood flow lumen. Unlik prior art devices, when the balloon member is 
inflated, the cross-sectional area of the blood flow lumen 24 is a significant percentag of the cross- 
sectional area of the blood vessel. It is presently believed that with the present invention, the blood flow 
through the device will be about 60% and may be as much as 80% of th blood flow through a healthy 
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vessel without the devic in place. 

Significantly, in this embodiment the balloon inflation medium, which may be any suitable inflation 
medium such as saline and contrast dye, is separate from the drug medium. This separation is important 
because it provides flexibility as to the amount of drug delivered, the time frame over which it is delivered 

5 as well as flexibility as far as deployment of the device. Also, as will be recognized by those skilled in the 
art, this embodiment minimizes the problem of tissue damage caused by a very high jet stream of the drug 
being ejected from the catheter. As mentioned above, preferably the apertures 40 are not directed toward 
the vessel wall 20 and the apertures 40 are appropriately sized such that the drug emerges from the 
apertures to the wall in a slow gentle stream instead of emerging from the apertures 40 in a pressurized 

ro stream. Thus, the containment region 26 created between the shaft tubing 30 and the vessel wail 20 is used 
to "bathe" the vessel wall 20. 

Other embodiments of the present invention are illustrated in FIGURE 4, FIGURE 5, FIGURE 6, and 
FIGURE 7 with elements similar to the previous embodiment numbered similarly. FIGURES 4 and 5 
illustrate this device in the blood vessel 20 both deflated (FIGURE 4) and inflated (FIGURE 5). As illustrated 

75 in these figures the balloons in the balloon assembly may be spaced differently and additional balloons may 
be placed at closer intervals. The additional balloons will aid in keeping the perfusion lumen open. The 
configuration and positioning of the toroidal-shaped balloons have multiple possibilities. More balloons may 
be formed between the previously-described toroidal-shaped balloons 10; and the balloons 12 and 16 may 
even be eliminated. (FIGURE 7). For all of these embodiments, the distance from the most proximal balloon 

20 16 to the most distal balloon 10 can range from about 20-30 mm and the inside balloons 10* may be 
disposed about 2-3 mm apart. 

The number of balloons and the spacing between balloons is important in maintaining the appropriate 
blood flow through the vessel being treated. It is possible that the flow of blood through the sheath 22 may 
be cut off by any one of the following: (1) the lesion may deform the sheath; (2) the device may be placed 

25 at a bend and the sheath could kink; and/or (3) the pressure of the drug could force the blood lumen shut. 
Therefore, the radial support needed for the sheath 22 will vary depending on the specific conditions of the 
treatment site and the particular treatment being administered. The radial support for the sheath 22 needed 
to maintain the blood flow lumen 24 through the center of the sheath 22 is provided by the balloons. The 
different configurations illustrated may be used to provide more or less radial support as needed. Increasing 

30 the number of balloons in the balloon assembly increases the ability of the balloon assembly to maintain the 
perfusion lumen open. 

Referring now to FIGURES 8, 8a, and 8b, another embodiment of the inventions is shown. In this 
embodiment the balloon assembly is comprised of an outer cylindrical sheath 50 and an inner cylindrical 
sheath 52 sealed to each other at the ends of the sheaths. The cylindrical sheaths 50 and 52 are also 

35 intermittently sealed to one another at sections 54. An inflation region or pouch 56 is defined between the 
two sheaths 52 and 54. These seals 54 run along the circumference of the cylindrical sheaths 50, 52 except 
that they are not complete in that spaces are left at certain points to allow the inflation medium to migrate 
from one pouch formed between the cylindrical sheaths 50, 52 to another similar pouch. The method for 
forming these seals is discussed in greater detail below. 

40 Cutouts 58 are provided in the proximal cone section 60 of the sheaths to allow blood to flow through 
the center of these sheaths 50, 52. At the proximal portion of the cone, the outer sheath 50 and the inner 
sheath 52 come to an outer balloon waste 100 and an inner balloon waist 102. The outer balloon waist 100 
is bonded with an adhesive, such as Tracon®, to an outer - shaft 104 and the inner balloon waist 101 is 
bonded with a similar adhesive to an inner shaft 106. The outer and inner shafts are made in a similar 

45 fashion to the embodiments previously described. The inner shaft 106 defines a lumen for a guide wire 108. 
The space between the outer and inner shafts 104 defines the drug/inflation medium lumen. 

The double sheath/balloon assembly may be formed for example from commercially available PTCA 
catheter balloons. The outer sheath 50 and an inner sheath 52 are, however, may also be made from a 
polyester copolymer such as that described above. 

50 In an exemplary embodiment the outer sheath 50 and inner sheath 52 are about 2.9 mm and about 3.0 
mm respectively in outside diameter. Depending on the use, however, these diameters may range from 
about 1.9 mm and about 2.0 mm to about 5.5 mm and about 6.0 mm, respectively. The sheaths 50, 52 are 
preferably about 20 mm in length, but may vary from about 10 mm to about 30 mm. The length of the total 
device is approximately 135 cm, but may range from about 75 to about 150 cm. The seals 54 may be 

55 between about 0.005 inches and 0.01 inches wide and about 2 mm away from each other, though other 
configurations may be employed. 

In this embodiment, the inflation medium and drug m dium are on and the sam . When the balloon 
assembly is inflated, as shown in Figures 8-8b, the outer sheath 50 contacts the wall of the vessel 64 at the 
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areas designated by referenc num ral 63. The contact area 63 is d fined by the section of the sheath 50 
which is not bonded to th other sheath 52. The area 54 where the two sheaths 50, 52 ar bonded, 
how ver, does not contact the vessel wall 64. Therefore, a containment pocket or region 1 1 for the drug is 
defined in the space between two adjacent contact areas 63. The outer sheath has apertures or holes 62 in 

5 order to deliver the drug to the vessel wall 64 in the containment pocket 11. These apertures 62 allow for 
permeability of the inflation medium (which contains the drug) out to the vessel wall 64. Preferably, these 
apertures 62 are about 0.003 inches in diameter and spaced radially at 90* for each pouch. Here again 
other configurations may be suitable as well. For example, both the number and pattern of spacings of the 
apertures in each pocket defined by adjacent ribs may vary. The polymer that the outer balloon is formed of 

io can either have the apertures 62 as discussed above or alternatively may be semi-permeable to the 
inflation/drug solution. 

This embodiment also provides very good separation of drug from the blood lumen and excellent blood 
flow because the blood flow lumen 66 is created by the inflation and expansion of the double sheath 50, 52 
balloon assembly. The sheaths 50, 52 are inserted into the patient in a deflated form (not shown) and when 
75 they are positioned properly, they are inflated until the outer balloon 50 comes into contact with the vessel 
walls 64. The details for using this embodiment are similar to those described below for the embodiment of 
FIGURES 1,2a, 2b and 3. 

Similar to the other embodiments discussed above, the position and number of inflation pouches 56 
may vary for different uses. To accomplish this, the seals between the two cylindrical sheaths 50, 52 can 

20 have different configurations depending on what type of lifting and expansion force would be needed. 

This embodiment of FIGURES 8, 8a, and 8b, is preferably made by blowing two different sheaths 50, 
52, one slightly smaller than the other 52. The second smaller inner sheath 52 is inserted coaxially inside 
the outer sheath 50. These are then completely sealed distally, creating an occlusive seal 70 between the 
two sheaths 50, 52. These two sheaths 50, 52 may have intermittent seals through the body of the balloon 

25 assembly similar to what an inflatable air or water mattress would have; these seals are incomplete in 
places, allowing the inflation medium/drug to flow throughout the device. In an exemplary embodiment, the 
seals are 2-3 mm apart with a 0.01 inch wide bond. On the proximal end in the cone area 60 of the sheaths 
50, 52, there are sealed cutaway portions 58 for blood flow. This sealing is around the cutaway portions 58 
and allows the blood to flow while still maintaining inflation space 72 in parts of the cone to the body of the 

30 cylindrical sheaths. 

The sealing can be done in a number of different ways. One preferred method is by creating a heat 
seal between the two sheaths. This heat seal can be made by a laser weld, a radio frequency weld, or an 
ultrasonic weld. Other equivalent methods can be substituted. In each case, the polymer of the two 
cylindrical sheaths would be heated very locally to form a heat bond between the two pieces of the 
35 polymer. 

Referring now to FIGURES 9, 9a, and 9b. another embodiment of the invention is shown. FIGURE 9a 
shows a cross section of FIGURE 9 along line A - A' and FIGURE 9b shows a cross section of the 
embodiment of FIGURE 9 along line B - B\ This embodiment is comprised of an outer polymer cylindrical 
sheath 72 and an inner polymer cylindrical sheath 74 intermittently sealed to one another at areas 76 to 

40 form a balloon assembly with an inflation area 78 being defined between the two sheaths 72 and 74. This 
embodiment is similar to the embodiment of FIGURES 8, 8a, and 8b except the seals in the balloon 
assembly are intermittent forming welds which are similar to spot welds. 

In an exemplary embodiment, the outer sheath 72 and inner sheath 74 are about 2.9 mm and about 3.0 
mm respectively in outside diameter and about 0.001 inches thick. In an exemplary embodiment, the 

45 balloon assembly comprised of sheaths 72, 74 is about 20 mm long and the total device is preferably about 
135 cm long. The total device length, however, may range from about 75 to about 150 cm long. The outer 
sheath 72 and an inner sheath 74 are preferably made from the above-mentioned Selar® copolymer. The 
seals 76 are approximately 0.005 inches wide and approximately 1-2 mm from each other. The method for 
forming these seals is similar to the methods discussed in greater detail above. 

so The inflation/drug medium is delivered into the balloon assembly, which comprises the sheaths 72, 74, 
through shaft tubing 82 that runs longitudinally along the device. Again, in this embodiment, the inflation 
medium and drug medium are one and the same. There are apertures or holes 80 put into the outer sheath 
in order to deliver drug to the vessel wall. These apertures 80 allow for permeability of the inflation medium 
(which contains the drug) out to the vessel wall in a containment pocket defined between adjacent areas 

55 where the outer sheath contacts the v ssel wall. A suitable diameter for these apertures 80 is about 0.003 
inches. Apertures 84 in the shaft tubing 82 allow the inflation medium/drug to pass from the shaft tubing 82 
to the space 78 between the sheaths 72, 74. These apertures 84 are 0.01 inches in diameter, 0.50 mm 
apart and run longitudinally along the shaft tubing 82. The shaft tubing 82 may also be necked to provide 
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variable stiffn ss along the length of the shaft. 

In an exemplary embodiment, this shaft tubing 82 is about 135 cm long, about 0.040 inches in outside 
diameter, semi-rigid yet flexible, and preferably made of HDPE. 

An inner shaft tubing 120 runs coaxially through the shaft tubing 82 in order to accommodate a guide 
5 wire 122. The guide wire 22 may be a PTCA guide wire as is known in the art. In one exemplary 
embodiment, this inner shaft tubing 120 is also flexible, about 135 cm long, about 0.021 inches in distal 
outside diameter, about 0.024 inches in proximal outside diameter, has a wall thickness of about 0.003 
inches, and is made of HDPE. This inner shaft tubing 120 may also be necked as described above. 

Similar to the other embodiments described above, the position and number of inflation pouches and/or 
10 seals can have multiple configurations depending on what type of lifting and expansion force would be 
needed. 

This embodiment may be made by blowing two cylindrical sheaths 72, 74, one slightly smaller than the 
other 74. The second smaller inner sheath 74 is inserted inside the outer sheath 72. The sheaths 72, 74 are 
then completely sealed proximally and distally at section 88, creating an occlusive seal between the two 
75 sheaths 72, 74. These two sheaths 72, 74 may have intermittent seals 76 through the body of the balloon 
similar to what an inflatable water mattress would have. The sealing can be formed in a number of different 
ways as described above. 

This embodiment also provides good separation of the drug from the blood flow lumen and excellent 
blood flow because the blood flow lumen 86 is created by the inflation and expansion of the double sheath 

20 72, 74 sleeve/assembly. The balloon assembly is inserted into the patient in a deflated or collapsed form 
(not shown) and when positioned properly, it is inflated until the unsealed sections of the outer balloon wall 
72 come into contact with the vessel wall. Again, details for the use of this embodiment are similar to those 
described below for other embodiments. 

With all of the embodiments disclosed above, because the blood flow lumen is created by the inflatable 

25 balloon assembly (which may consist of any or all of a balloons/sheath/shaft/etc.) the overall device can be 
kept to a minimal size. The blood flow lumen is only formed upon inflation of the balloon assembly and the 
device is in effect collapsed in its uninflated form. This physical attribute allows the catheter to be of a very 
small diameter when it is inserted into the patient's body and maneuvered to the desired position, yet 
provides a relatively large blood flow lumen when the balloon member is inflated. Unlike prior art devices 

30 the blood flow lumen is not formed by solid tubing, but instead by an inflatable and collapsible means. 
Since blood is not flowing through the shaft of the device like prior art devices, the competing balance of 
minimizing the size of the device and making the shaft large enough to accommodate the larger volume of 
blood flow is eliminated. In all of the embodiments disclosed, it is presently believed that when the device is 
inflated the flow will be at least 60% of what the flow would be without the device in place. Additionally, the 

as drug may be delivered to a pocket which is separate or isolated from the blood flow. This permits the drug 
to be administered at higher concentrations and locally at the selected treatment site in the blood vessel. 

A preferred use for this device is a method of treating the vessel wall after PTCA and the following 
description of the use of the invention after PTCA is given so as to provide a practical example of the 
procedure for using the present invention. One skilled in the art, however, can envision many other uses of 

40 the invention for delivering drugs to blood vessel walls or to walls of other ducts or cavities. The following 
example is given with respect to the embodiment of Figure 1 . It will be recognized that similar procedures 
will be used with respect to other embodiments of the invention. 

Before use, the drug delivery catheter of the present invention must be prepared. First vacuum is pulled 
on the balloon inflation port of the manifold to evacuate any air from the balloons. Then the drug infusion 

45 port is filled with a sterile liquid, again to evacuate air therefrom. 

Following a typical well known PTCA procedure, the drug delivery catheter of the present invention is 
exchanged over the existing guide wire 34 used in the BTCA. The drug delivery catheter is slid over the 
guide wire 34 and positioned at the same site as the balloon dilation was performed. The balloons are then 
inflated to between 5 and 10 atmospheres such that the containment region is defined as explained above. 

so Drug infusion is then initiated through the apertures in the balloon assembly to provide the desired drug to 
the containment pocket or region and thus to the vessel wall. The drug or agent is provided in a 
therapeutically effective amount and concentration for preventing aestenosis. For example, 100 mcg/ml of 
Heparin may be used as disclosed in "Effect of Controlled Adventitial Heparin Delivery on Smooth Muscle 
Cell Proliferation" by Edeliman et al., Proc. Natl. Acad. Sci. (USA) 1990; 87: 3773-3778, which is 

55 incorporated herein by reference. The drug is provided at a pr ssur ranging from a minimal value over 
zero to 50 pounds per square inch (depending on the volume and concentration of drug desired). Other 
pressures are contemplated for other us s as per the flexible nature of this device. The blood in the v ssel 
continues to flow through the center of the flow lumen created through the c nter of the balloons and the 
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sheath. Since the flow lumen cr ated through the center of the balloons and sheath Is r latively large 
(compared to the size of th blood vessel), the interruption of blood flow through the blood vess I is 
minimized. Further, sine the blood flow is isolated from th containment pocket, th drug is only 
administered locally and does not enter the blood stream until the balloons are deflated. This allows for the 
5 drug to be provided to the vessel wall in high concentrations without providing a high concentration of the 
drug in the blood stream. After the drug has been applied to the vessel wall for the desired time, the device 
is removed. Because of the large volume of blood flow accommodated by this invention, numerous 
applications of the drug may be effected without removing the drug delivery device for a relatively long 
period of time. 

10 Therefore, the present drug delivery catheter of the present invention may be used to more safely 
deliver agents intended to eliminate the occurrence of restenosis. Some exemplary agents for this purpose 
are heparin, calcium channel blockers, angiotensin converting enzyme inhibitors, fish oil, and growth 
peptides, thromboxane synthetase inhibitor, serotonin antagonists, HMGCoA reductase inhibitors, platelet 
derived growth factors, inflammatory cell factors, platelet aggregation inhibitors, and thrombin inhibitors 

75 such as hirudin or its analogs. 

The catheter of the present invention may also be used to deliver agents which are intended to dissolve 
existing stenosis as an alternative to or in conjunction with other procedures such as angioplasty or 
atherectomy procedures. The agents delivered may dissolve thrombus at the lesion site. Suitable drug 
agents for the purpose are tissue plasminogen activator, streptokimose, and urokinase. 

20 The foregoing description of the exemplary and preferred embodiments of the present invention has 
been presented for purposes of illustration and description. They are not intended to be exhaustive or to 
limit the invention to the precise forms disclosed, and obviously many modifications and variations are 
possible in light of the above teachings. The embodiments were chosen and described in order to best 
explain the principle of the invention and its practical applications and to thereby enable others skilled in the 

25 art to best utilize the invention in various embodiments and with various modifications as are suited to the 
particular use contemplated. It is intended that the scope of the invention be defined by the following 
claims, including all equivalents. 

Claims 

30 

1. A drug delivery catheter for insertion into a vessel which contains a first fluid, the drug delivery catheter 
comprising: 

an elongated tubular member having a proximal end and a distal end; 

a drug lumen in fluid communication with the distal end of the tubular member for delivering a 
35 second fluid; 

an inflatable balloon assembly disposed at the distal end of the tubular member, the balloon 
assembly including an inflatable balloon member having an uninflated state and an inflated state, the 
balloon assembly having apertures in fluid communication with the drug lumen; 

the balloon assembly configured such that 1) when the balloon member is in an uninflated state, 

40 the first fluid in the vessel may flow around the balloon assembly, and 2) when the balloon member is 
in an inflated state, i) sections of the balloon member contact the vessel wall defining a containment 
pocket for containing the second fluid between the vessel wall and within the contacting sections of the 
balloon assembly, ii) the apertures are disposed in the containment region, and iii) a flow lumen is 
defined through the balloon member to allow the first fluid to flow through the balloon member; and 

45 an inflation lumen in fluid communication with the balloon member for inflating the balloon member. 

2. A drug delivery catheter as claimed in Claim 1 wherein the containment packet of the balloon assembly 
isolates the first fluid from the second fluid. 

so 3. A drug delivery catheter as claimed in Claim 1 or Claim 2 wherein the inflation lumen and the drug 
lumen are the same. 

4. A drug delivery catheter as claimed in Claim 1 or Claim 2 wherein the inflation lumen and the drug 
lumen are not in fluid communication with each other. 

55 

5. A drug delivery catheter as claimed in any one of the preceding claims wherein th balloon assembly 
comprises a first toroidal balloon, a second toroidal balloon disposed distally of the first toroidal balloon, 
and a cylindrical sheath connected between the first and second toroidal balloons, wh rein the flow 
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lumen is defined through the center of the cylindrical sheath. 

6. A drug delivery catheter as claim d in Claim 5 wherein the diameter of the cylindrical sheath is I ss 
than the diameter of the balloons. 

5 

7. A drug delivery catheter as claimed in any one of the preceding claims further comprising a guide wire 
lumen for receiving a guide wire. 

8. A drug delivery catheter as claimed in Claim 7 wherein the guide wire lumen runs substantially 
70 coaxially through the length of the tubular member. 

9. A drug delivery catheter as claimed in any one of the preceding claims wherein the balloon assembly 
comprises a first cylindrical sheath, a second cylindrical sheath disposed coaxially within the first 
cylindrical sheath, the first and second cylindrical sheaths being sealed together at their ends to define 

75 an inflation space therebetween. 

10. A drug delivery catheter as claimed in Claim 9 wherein the first and second cylindrical sheaths are 
intermittently sealed to one another at spaced intervals between the sealed ends of the sheaths and a 
plurality of containment pockets are defined between the sealed sections. 

20 

11. A drug delivery catheter as claimed in any one of the preceding claims wherein the apertures are 
disposed in the balloon member. 

12. A drug delivery catheter for insertion into a vessel containing a first fluid, the drug delivery catheter 
25 comprising: 

an elongated tubular shaft having a distal end and a proximal end; 

a balloon assembly including a first toroidal-shaped balloon disposed at the distal end of the 
tubular shaft, a second toroidal-shaped balloon spaced proximaliy from the first toroidal-shaped balloon, 
and a cylindrical sheath attached to the first and second toroidal-shaped balloons, the sheath attached 
30 to the toroidal-shaped balloons at a section of the toroidal-shaped balloons radially inward of the outer 
diameter of the toroidal-shaped balloons, the balloon assembly configured such that when the toroidal- 
shaped balloons are inflated, the toroidal-shaped balloons contact the vessel wall thereby defining a 
containment pocket between the vessel wall, the tubular shaft, the toroidal-shaped balloons, and the 
sheath; 

35 an inflation lumen in the tubular shaft in fluid communication with the toroidal-shaped balloons; and 

a drug lumen in the tubular shaft in fluid communication with at least one aperture in the 
containment pocket for delivering a drug to the containment pocket. 

13. A drug delivery catheter as claimed in Claim 12 further comprising an inner shaft tube running 
40 substantially coaxially and longitudinally through the tubular shaft for receiving a guide wire. 

14. A drug delivery catheter as claimed in Claim 12 or Claim 13 comprising a plurality of toroidal-shaped 
balloons disposed between the first and second toroidal-shaped balloons. 

45 15. A drug delivery catheter as claimed in Claim 14 comprising four toroidal-shaped balloons. 

16. A drug delivery catheter as claimed in Claim 12 comprising a third toroidal balloon adjacent the first 
toroidal-shaped balloon and a fourth toroidal-shaped balloon adjacent the second toroidal-shaped 
balloon. 

50 

17. A drug delivery catheter as claimed in any one of the preceding claims wherein the apertures are 
disposed in the tubular shaft. 

18. A fluid delivery catheter for insertion into a vessel which contains a first fluid, the fluid delivery catheter 
55 comprising: 

an elongated tubular shaft having a proximal end and a distal end; 

a balloon assembly disposed at the distal end of the tubular shaft, the balloon assembly including 
an inflatable balloon member having an uninflated state and an inflated state; 
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the balloon assembly configured such that 1) when the balloon member is in an uninflated state, 
the first fluid in the vessel may flow around the balloon assembly, and 2) when the balloon member is 
in an inflated state, sections of the balloon member contact the vessel wall defining a containment 
pocket for containing a second fluid between the vessel wall and within the contacting sections of 
5 balloon member, and a flow lumen is defined through the balloon member to allow the first fluid to pass 
through the balloon member; 

means for inflating the balloon member; and 

means for providing a second fluid to the containment pocket when the balloon is in an inflated 
state. 

70 

19. A fluid delivery catheter as claimed in Claim 18 wherein the means for providing a second fluid to the 
containment pocket comprises a drug lumen provided through the tubular shaft, the drug lumen being 
in fluid communication with at least one aperature disposed in the distal end of the shaft or disposed in 
the balloon member. 

75 

20. A fluid delivery catheter for insertion into a vessel which contains a first fluid and for delivering a 
second fluid to a predetermined site in the vessel, the fluid delivery catheter comprising: 

an elongated tubular shaft having a proximal end and a distal end and having a diameter less that 
the vessel; 

20 a balloon assembly disposed at the distal end of the tubular shaft, the balloon assembly including a 

balloon member which may be inflated and collapsed, the balloon member when in a collapsed state 
having a diameter less than the diameter of the vessel, and when in an inflated state, sections of the 
balloon engage the vessel wall and an area of the balloon member inside of the engaging sections 
does not contact the vessel wall to define a containment pocket within the engaging section of the 

25 balloon member, and when in an inflated state, a flow lumen is defined through the balloon assembly to 
allow the first fluid to flow therethrough; 

an inflation lumen in fluid communication with the balloon member to provide an inflation fluid to 
the balloon member; and 

an fluid delivery lumen in fluid communication at least one aperture disposed in the containment 

30 pocket for delivering a second fluid to the containment pocket. 

21. A fluid delivery catheter as claimed in Claim 20 wherein the catheter is configured to fit in a blood 
vessel and further comprising lumen adapted to receive a guide wire. 

35 22. A fluid delivery catheter for insertion into a vessel which contains a first fluid and for delivering a 
second fluid to a predetermined site in the vessel, the fluid delivery catheter comprising: 

an elongated tubular shaft having a proximal end and a distal end and having a diameter less that 
the vessel; 

a balloon assembly disposed at the distal end of the tubular shaft, the balloon assembly including a 
40 balloon member which may be inflated and collapsed, the balloon member including flow means for 
allowing the first fluid to flow through the balloon assembly when the balloon is inflated and containing 
means for containing a second fluid outside of the flow of the first fluid and in contact with the vessel 
when the balloon member is inflated; 

means for inflating the balloon member; and 
45 means for delivering a second fluid to the containing means. 
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